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SOLUBLE OIL CONTAINING OVERBASED 
SULFONATE ADDITIVES 

FIELD OF THE INVENTION 

This invention relates to soluble oil and more particularly 
to a soluble oil containing overbased sulfonate possessing 
anti-Wear properties Which is capable of forming extremely 
stable emulsions With Water. 

BACKGROUND OF THE INVENTION 

Environmental considerations in Europe, Canada and the 
United States regarding the use less hazardous materials in 
industrial oils has obviated the need to ?nd replacements for 
chlorinated paraf?ns (CP). Cutting ?uids containing chlo 
rine-based extreme pressure agents have been criticiZed as 
responsible for corrosion and damage of incinerators caused 
by environmental pollution and emission of chlorine gases, as 
Well as the generation of dioxin during incineration of Waste. 

Generally speaking, in metal Working processes such as 
cutting and grinding, chlorine-based extreme pressure agents 
have been used because of their excellent ability to improve 
cutting performance and relatively loW cost. 

Moreover, chlorinated para?ins, a class of chlorine-based 
extreme pressure agents, raise some concern about their tox 
icity and carcinogenicity. 
As such, soluble oil emulsions With extreme pressure 

agents absent chlorinated paraf?ns are preferred. HoWever, 
the ability to provide soluble oil emulsions containing over 
based products has been hampered by incompatibilities of the 
overbased material and the soluble oil. In general, overbased 
materials provide haZy soluble oil base and cause phase sepa 
ration and/or sediment in the ?nal emulsion. 

There are numerous references in the literature describing 
soluble oil formulations for forming stable emulsions With 
Water, see e.g., US. Pat. Nos. 2,307,744; 2,470,913; 2,670, 
310; 2,695,272; 2,846,393; and 2,913,410. The compositions 
described in these prior art patents generally include mineral 
oil and an emulsi?er package comprising an emulsi?er, a 
coupling agent, and various additives. While these prior art 
compositions have been quite satisfactory in many instances, 
there has nevertheless been a continuing need for an oil 
soluble concentrate capable of forming a stable emulsion, 
particularly for use as cutting oil in machines. 

There remains a need in the art for environmentally 
friendly stable cutting oil emulsions With improved cutting 
performance. 

SUMMARY OF THE INVENTION 

The present invention provides a soluble oil composition 
Which comprises: 

a) a base oil; 
b) an emulsion stabiliZing amount of a neutraliZed car 

boxylic acid; 
c) at least one overbased alkaline earth metal sulfonate; 

and, optionally, 
d) at least one additive selected from the group consisting 

of extreme pressure agent, anti-Wear agent, emulsifying 
agent, rust preventive, corrosion inhibitor, anti-foaming 
agent, anti-oxidant additives, surface active agents, fric 
tion modi?er and stabiliZing agents. 

The present invention provides a soluble oil compositions 
containing overbased sulfonates possessing anti-Wear prop 
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2 
erties Which forms stable emulsions With Water, Without caus 
ing phase separation or sediment. 

DETAILED DESCRIPTION OF THE INVENTION 

Compositions of the type described herein are generally 
referred to as soluble oils, although these compositions ordi 
narily form an emulsion When mixed With Water. In order to 
distinguish betWeen the soluble oil and the emulsion Which is 
produced When the soluble oil is mixed With su?icient quan 
tities of Water, the term “soluble oil” Will be used to describe 
the oil plus emulsi?er, and the emulsion Which is formed 
When the soluble oil is mixed With Water Will be referred to as 
a “soluble oil emulsion.” The emulsion Which is formed When 
the soluble oil is mixed With Water is of the oil-in-Water type 
Wherein the aqueous phase constitutes the continuous phase 
and the mineral oil constituent is the dispersed phase. The 
soluble oil emulsion alloWs the good cooling properties of 
Water to be utiliZed in the metal Working process Whilst the oil 
and additives provide lubrication and corrosion inhibiting 
properties. 

Generally, the friction modi?ers, antiWear or extreme pres 
sure additives in lubricants, e. g., cutting oils, reduce damage 
by maintaining a layer of lubricant betWeen moving parts and 
help reduce harmful metal on metal contact. 

Anti-Wear, extreme pressure, anti-corrosion, and friction 
modi?ers; as Well as detergents and dispersants, are all polar 
additives Which have an a?inity to metal surfaces and can 
compete for the active metal surface site, or interact With each 
other. In particular, polar and acidic additives tend to desta 
biliZe overbased calcium sulfonate, a colloidal dispersion of 
calcium carbonate in oil, and cause precipitation of the cal 
cium carbonate. The exact mechanism is still poorly under 
stood, but additives like fatty acids, fatty acid esters, amines 
are very problematic unless they are added in strict propor 
tions as outlined herein. 
The base oil of the present invention typically is a 100 

Saybolt Univeral Second (SUS) naphthenic oil useful for 
metalWorking, hoWever, any group I, II, or III oils could be 
used With a viscosity betWeen 70 and 1000 SUS. The base oil 
not only can be hydrocarbon oils of lubricating viscosity 
derived from petroleum (or tar sands, coal, shale, etc.), but 
also can be natural oils of suitable viscosities such as rapeseed 
oil, etc., and synthetic oils such as hydrogenated polyole?n 
oils; poly-alpha-ole?ns (e.g., hydrogenated or unhydroge 
nated .alpha.-ole?n oligomers such as hydrogenated poly-1 
decene); alkyl esters of dicarboxylic acids; complex esters of 
dicarboxylic acid, polyglycol and alcohol; alkyl esters of 
carbonic or phosphoric acids; polysilicones; ?uorohydrocar 
bon oils; and mixtures of mineral, natural and/or synthetic 
oils in any proportion, etc. The term “base oil” for this dis 
closure includes all the foregoing. 
As is noted above, the base oil can comprise a portion of 

one or more synthetic oils. Among the suitable synthetic oils 
are homo- and inter-polymers of C2-Cl2 ole?ns, carboxylic 
acid esters of both monoalcohols and polyols, polyethers, 
silicones, polyglycols, silicates, alkylated aromatics, carbon 
ates, thiocarbonates, orthoformates, phosphates and phosphi 
tes, borates and halogenated hydrocarbons. Representative of 
such oils are homo- and interpolymers of C2-Cl2 
monoole?nic hydrocarbons, alkylated benZenes (e.g., dode 
cyl benZenes, didodecyl benZenes, tetradecyl benZenes, 
dinonyl benZenes, di-(2-ethylhexyl)benZenes, Wax-alkylated 
naphthalenes); and polyphenyls (e. g., biphenyls, terphenyls). 
Alkylene oxide polymers and interpolymers and derivatives 
thereof Where the terminal hydroxyl groups have been modi 
?ed by esteri?cation, etheri?cation, etc., constitute another 
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class of synthetic oils. These are exempli?ed by the oils 
prepared through polymerization of alkylene oxides such as 
ethylene oxide or propylene oxide, and the alkyl and aryl 
ethers of these polyoxyalkylene polymers (e. g., methyl poly 
isopropylene glycol ether having an average molecular 
Weight of 1000, diphenyl ether of polyethylene glycol having 
a molecular Weight of 500-1000, diethyl ether of polypropy 
lene glycol having a molecular Weight of 1000-1500) or 
mono- and poly-carboxylic esters thereof, for example, the 
acetic acid ester, mixed C3-C6 fatty acid esters, or the C 1 3 Oxo 
aciddiester of tetraethylene glycol. 

Another suitable class of synthetic oils comprises the esters 
of dicarboxylic acids (e.g., phthalic acid, succinic acid, 
maleic acid, aZelaic acid, suberic acid, sebacic acid, fumaric 
acid, adipic acid, linoleic acid dimer) With a variety of alco 
hols (e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol, 
2-ethylhexyl alcohol, ethylene glycol). Speci?c examples of 
these esters include dibutyl adipate, di(2-ethylhexyl)adipate, 
didodecyl adipate, di(tridecyl)adipate, di(2-ethylhexyl)seba 
cate, dilauryl sebacate, di-n-hexyl fumarate, dioctyl sebacate, 
diisooctyl aZelate, diisodecyl aZelate, dioctyl phthalate, dide 
cyl phthalate, di(eicosyl)sebacate, the 2-ethylhexyl diester of 
linoleic acid dimer, and the complex ester formed by reacting 
one mole of sebacic acid With tWo moles of tetraethylene 
glycol and tWo moles of 2-ethylhexanoic acid. 

Other esters Which may be used include those made from 
C3-Cl8 monocarboxylic acids and polyols and polyol ethers 
such as neopentyl glycol, trimethylolpropane, pentaerythritol 
and dipentaerythritol. Trimethylol propane tripelargonate, 
pentaerythritol tetracaproate, the ester formed from trimethy 
lolpropane, caprylic acid and sebacic acid, and the polyesters 
derived from a C4-Cl4 dicarboxylic acid and one or more 
aliphatic dihydric C3-Cl2 alcohols such as derived from aZe 
laic acid or sebacic acid and 2,2,4-trimeth-1,6-hexanediol 
serve as examples. 

Silicon-based oils such as the polyalkyl-, polyaryl-, poly 
alkoxy-, or polyaryloxy-siloxane oils and silicate oils com 
prise another class of synthetic lubricants (e.g., tetraethyl 
silicate, tetraisopropyl silicate, tetra-(2-ethylhexyl)silicate, 
tetra-tert-butylphenyl)silicate, poly(methyl)siloxanes, and 
poly(methylphenyl)siloxanes. Other synthetic lubricating 
oils include liquid esters of phosphorus-containing acids 
(e. g., tricresyl phosphate, trioctyl phosphate, triphenyl phos 
phite, and diethyl ester of decane phosphonic acid. 

Also useful as base oils or as components of base oils are 
hydrogenated or unhydrogenated liquid oligomers of C6-Cl 6 
alpha-ole?ns, such as hydrogenated or unhydrogenated oli 
gomers formed from 1-decene. Methods for the production of 
such liquid oligomeric 1-alkene hydrocarbons are knoWn and 
reported in the literature. See for example U.S. Pat. Nos. 
3,749,560; 3,763,244; 3,780,128; 4,172,855; 4,218,330; 
4,902,846; 4,906,798; 4,910,355; 4,911,758; 4,935,570; 
4,950,822; 4,956,513; and 4,981,578, the content all ofWhich 
are incorporated herein by reference. Blends of such materi 
als can also be used in order to adjust the viscometrics of the 
given base oil. As is Well knoWn in the art, hydrogenated 
oligomers of this type contain little, if any, residual ethylenic 
unsaturation. 

Preferred oligomers are formed by use of a Friedel-Crafts 
catalyst (especially boron tri?uoride promoted With Water or 
a Cl_2O alkanol) folloWed by catalytic hydrogenation of the 
oligomer so formed using procedures such as are described in 
the foregoing U.S. patents. 

The soluble oil composition of the present invention may 
be used in cutting oils emulsi?ed in Water by means of a 
suitable emulsi?er. Any conventional emulsi?er may be used 
although according to one speci?c embodiment of the inven 
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4 
tion, the preferred emulsi?er is a neutraliZed carboxylic acid 
compound. According to another speci?c embodiment of the 
invention the preferred emulsi?er is a neutraliZed tall oil fatty 
acid. 

Carboxylic acids can be derived from saponi?cation of 
either animal or vegetable oils or can be synthesiZed by a 
variety of methods from petroleum oil based feedstocks. 
One prevalent source for carboxylic acids is tall oil and its 

components (i.e., tall oil fatty acids, tall oil fatty acids<2% 
rosin and tall oil rosin). Tall oil is a byproduct of the Kraft 
paper making process. Carboxylic acids are also obtained 
from vegetable oils, such as, for example, babassu oil, coco 
nut oil, palm oil, corn oil, cotton seed oil, ground nut oil, olive 
oil, safflower oil, sesame oil, sun?oWer oil, linseed oil, soy 
bean oil, rapeseed oil, loW erucic (or canola oil) rapeseed oil, 
high erucic oiticica oil, tung oil, castor oil, and the like. 
Animal source of carboxylic acid include, but are not limited 
to, butterfat, lard, talloW (beef), talloW (sheep), and the like. 
They can also be obtained from marine oils, e. g., herring oil, 
menhaden oil, sardine oil, Whale oil, and the like. The car 
boxylic acids described herein can be neutraliZed With NaOH 
or any other suitable alkali base. 

Useful fatty acids of the present invention include but are 
not limited to rosin acids and fatty acids present in tall oil and 
other naturally occurring products. Some speci?c saturated 
acids include caproic, caprylic, lauric, myristic, palmitic, 
stearic, arachidic, behenic, lignoceric, heptadecanoic, and 
nonadecanoic. Unsaturated acids such as, palmitoleic, oleic, 
ricinoleic, linoleic, linolenic, eleostearic, gadoleic, erucic, 
and eicosadienoic. 

In one embodiment of the invention, the amount of neu 
tralized carboxylic acid ranges from 0 to about 30 Weight 
percent of the soluble oil composition. In another embodi 
ment, the amount of neutraliZed carboxylic acid ranges from 
about 5 to about 23 Weight percent of the soluble oil compo 
sition. In still another embodiment of the invention the 
amount of neutraliZed carboxylic acid ranges from about 12 
to 15 Weight percent of the soluble oil composition. 

In one speci?c embodiment of the invention, the emulsi?er 
used in the soluble oil composition is a neutraliZed tall oil. 
Tall oil is a resinous oily liquid composed of a mixture of rosin 
acids and fatty acids obtained as a byproduct in the treatment 
of pine pulp and used in soaps, emulsions, and lubricants. Tall 
oil can contain from 0-50% resin acids (rosin) and from 
0-50% fatty acids. Abietic and dehydroabietic acids comprise 
over 60% of the resin acids, While oleic and linoleic acids 
predominate in the fatty acid fraction. Common tall oil blends 
typically contain 30% rosin acids and 70% tall oil fatty acids. 
The tall oil and/or its components can be neutraliZed With 
NaOH or any other suitable alkali base to obtain neutraliZed 
tall oil. 

In one embodiment of the invention, the amount of neu 
traliZed tall oil ranges from 0 to about 30 Wei ght percent of the 
soluble oil composition. In another embodiment, the amount 
of neutraliZed tall oil ranges from about 5 to about 23 Weight 
percent of the soluble oil composition. In still another 
embodiment of the invention the amount of neutraliZed tall oil 
ranges from about 12 to 15 Weight percent of the soluble oil 
composition. 
The sulfuriZed overbased compounds of the present inven 

tion are thermally stable and are useful as extreme pressure 
(EP) and/ or anti-Wear agents or antioxidants for use in lubri 
cants, functional ?uids and soluble oil. The sulfuriZed over 
based products are particularly suitable for use as EP and/or 
anti-Wear agents for use in cutting ?uids. 

Overbased sulfonates are metallic salts of sulfonic acid 
compounds and are Well knoWn in the art. Overbased sul 
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fonates are characterized by a metal content in excess of that 
Which Would be present according to the stoichiometry of the 
metal and the acidic organic compound reacted With the 
metal. The “overbased” metal content of an overbased sul 
fonate typically may be suspended or complexed With the 
petroleum sulfonate. (Kirk-Othmer Encyclopedia of Chemi 
cal Technology, John Wiley & Sons, Third Edition, NY. 
(1979), vol. 22, page 23). 
The most Widely-used overbased alkaline-earth sulfonates 

are based on calcium, magnesium, and barium. (Kirk-Oth 
mer, supra., vol 22, page 23). Overbased calcium sulfonates, 
for example, might include CaO, Ca(OH)2, or CaCO3 sus 
pended or complexed With the sulfonate. 

Methods of manufacturing overbased sulfonates are 
described in various patents, including: Eliades et al., U.S. 
Pat. No. 4,129,589; Allain et al., U.S. Pat. No. 4,306,983; 
Allain et al., U.S. Pat. No. 4,347,147; Eliades et al., U.S. Pat. 
No. 4,597,880; Muir, U.S. Pat. No. 4,617,135; and Burke, Jr. 
et al., U.S. Pat. No. 5,259,966, the contents all of Which are 
incorporated herein by reference. 
As such, overbased alkaline earth sulfonates are com 

pounds prepared by neutraliZing a sulfonic acid With an 
excess of alkaline earth metal base (e.g., the hydroxides of 
magnesium, calcium or barium) so as to produce an over 
based alkaline earth metal sulfonate With a total base number 
(“TBN”) of greater than Zero. The TBN is the amount of acid 
needed to neutraliZe all of the alkalinity of the overbased 
material, and can be determined according to ASTM D 2896. 
A composition With a TBN of about 100 or less is considered 
to be a “loW overbased material.”A TBN of about 100 to 300 
is characterized as “moderate overbasing.” A composition 
With a TBN of over 300 is considered to be a “highly over 
based” material. According to one embodiment of the inven 
tion, the overbased alkaline earth metal sulfonate is overbased 
calcium sulfonate having a TBN of above about 250, and 
according to another embodiment above about 350, and in yet 
another embodiment, above about 400 or higher. 

According to another aspect of the invention it has been 
found that amorphous overbased calcium sulfonate is supe 
rior to crystalline overbased calcium sulfonate in terms of 
undesired sedimentation. An amorphous overbased calcium 
sulfonate suitable for use in the present inventor in commer 
cially available from Chemtura Corporation of Middlebury 
Conn. under the designation CalcinateTM C-400 CLR. The 
amorphous overbased calcium sulfonate has a particle siZe of 
less than about 30 nm. Crystalline overbased calcium sul 
fonates have a particle siZe above 30 nm, preferably 50-500 
nm and more preferably 50-100 nm. CalcinateTM C-300CS, 
available from Chemtura Corporation, is an example of a 
crystalline overbased calcium sulfonate. A method for pre 
paring highly overbased calcium sulfonate is described in 
Us. Pat. No. 6,444,625 B1, Which is herein incorporated by 
reference. 

In one embodiment of the invention, the amount of over 
based alkaline earth metal sulfonate ranges from about 0.1 to 
about 20 Weight percent of the soluble oil composition. In 
another embodiment, the amount of overbased alkaline earth 
metal sulfonate ranges from about 1 to about 10 Weight per 
cent of the soluble oil composition. In still another embodi 
ment of the invention overbased alkaline earth metal sul 
fonate ranges from about 2 to 5 about Weight percent of the 
soluble oil composition. 

According to one aspect of the invention, it has been found 
that certain extreme pressure agents, anti-Wear agents and/or 
friction modi?ers, When combined With an overbased alka 
line earth sulfonate, provide for improved performance prop 
erties. 
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6 
In one speci?c embodiment of the present invention, the 

soluble oil composition employs a sulfuriZed ole?n anti-Wear 
agent along With the overbased alkaline earth sulfonate. 

Friction modi?ers are used to reduce the coe?icient of 
friction. In this regard, the friction modi?er and/or anti-Wear 
agent and overbased calcium sulfonate can be combined and 
packaged With other additives such as antioxidants, dispers 
ants and/or defoamers, or other types of additives such as 
mentioned above. 

Various friction modi?ers can be used in the additive mix 
ture. Such friction modi?ers include glycerol monoesters, 
overbased carboxylates, overbased tall oil fatty acids, the 
reaction product of an alkanolamine (e.g., triethanolamine 
(“TEA”) or diethanolamine) or a glycol (e.g., thiodiglycol, 
diethylene glycol) With a fatty acid or fatty ester, oxygenated 
petroleum fractions, alkoxylated alkylamine and the reaction 
products of glycols With fatty esters. 

Glycerol monoesters useful as friction modi?ers include, 
for example, glycerol esters of saturated or unsaturated C8 to 
C20 fatty acids such as glycerol monopalmitate, glycerol 
monostearate, glycerol monooleate, and the like. 

Overbased carboxylates are knoWn and are generally pre 
pared by reacting an acidic material, normally an acidic gas 
such as SO2 or CO2, and most commonly carbon dioxide, 
With a mixture comprising a carboxylic acid and a stoichio 
metric excess of an alkaline base metal compound in a reac 
tion medium, preferably With a promoter. The base metal is 
preferably an alkaline earth metal such as magnesium, cal 
cium or barium in the form of an oxide or hydroxide. The 
carboxylic acid is preferably a saturated or unsaturated car 
boxylic acid having from about 8 to about 30 carbon atoms. 
Useful carboxylic acids include, but are not limited to, 
caprylic acid, capric acid, lauric acid, myristic acid, myris 
toleic acid, decanoic acid, dodecanoic acid, pentadecanoic 
acid, palmitic acid, palmitoleic acid, margaric acid, stearic 
acid, 12-hydroxystearic acid, oleic acid, ricinoleic acid, 
linoleic acid, arachidic acid, gadoleic acid, eicosadienoic 
acid, behenic acid, erucic acid, mixtures of any of these acids 
or their reactive equivalent. 

Other suitable overbased carboxylates include overbased 
calcium tallate and overbased barium tallate. 
A reaction product of TEA and fatty ester suitable for use 

as a friction modi?er is the reaction product of TEA and 
methyl oleate. Other suitable friction modi?ers include the 
reaction products of TEA With, for example, oleic acid, rici 
noleic acid, isostearic acid, erucic acid, tall oil fatty acid 
(TOFA), mixed oleic/stearic acids, and iso-oleic acid. 
Oxygenated petroleum fractions are knoWn. Petroleum 

oxidates and methods for making them are disclosed in Us. 
Pat. No. 5,439,602, Which is herein incorporated by refer 
ence. 

Also suitable for use as friction modi?ers are the reaction 
products of thiodiglycol With fatty acids or fatty esters (e.g., 
oleic acid, methyl oleate, etc.), and the reaction products of a 
dialkylene glycol (e.g., diethylene glycol, dipropylene gly 
col, etc.) With a fatty acid or fatty ester (e.g., oleic acid, methyl 
oleate, etc.). 

In another aspect of the invention it has been found that 
overbased alkaline earth sulfonate (especially crystalline 
overbased calcium sulfonate) provides a soluble oil compo 
sition With greater lubricity (i.e., loWer coe?icient of friction). 
Particularly preferred as a friction modi?er are combinations 
of overbased calcium sulfonate and sulfuriZed ole?n With 
40% active sulfur like RC2540 (from Rhein-Chemie) pos 
sessing excellent lubricity and loW sedimentation. A pre 
ferred crystalline overbased calcium sulfonate is available 
from Chemtura Corp. under the designation Calcinate 
C300CS and has a particle siZe of about 50-500 nm. Preferred 
particle siZe for a crystalline overbased calcium sulfonate 
ranges from about 50 nm to about 100 nm. 
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Furthermore, if necessary, various additives can be added 
to the soluble oil composition of the present invention, so long 
as the object of the present invention is not impaired. 
Examples of the additives include various knoWn friction 

8 
TABLE 4 

Examples 

_ _ _ Comp. Ex. 1 Ex. 2 Ex. 3 
modi?ers, oiliness agents, and extreme pressure agents such 5 
as alcohols, fatty acids, esters, diesters, polyvalent esters, fats Soluble Oil Package #1 25.0 24.4 23.8 
and oils, sulfuriZed fats and oils, sulfuriZed esters, sulfuriZed n?uttalil?d tall Oil 0-0 0-6 1-2 
ole?ns, chlorinated para?ins, phosphates, phosphites, dithio- Calcmate 0400071) I 10'0 10'0 10'0 

- - - - - 100SUS naphthenic 011 65.0 65.0 65.0 phosphates (Zinc d1th1ophosphate, molybdenum dithiophos- — 
phate and the like), and dithiocarbamates (molybdenum 10 Total 100 100 100 
dithiocarbamate and the like). In addition, various knoWn Emulsion (9010 in DI. Water) good good good 
anti-oxidant additives, surface active agents, and stabiliZing 
agents. 

Typical friction modi?ers include fatty acid esters, fatty 
amide, fatty amides, ethoxylated fatty amine. Typical antioxi- 15 TABLE 5 
dants are diphenyl amine and phenolic products like Nauga- s?dimmt (Vol %) (wwks) Comp EX 1 EX 2 EX 3 
lube 4381, Naugalube 640, Naugalube 438, Naugalube 531 
and the like. Typical EP/AW additives include ZDDP, molyb- 1 0 0'05 0 

. . . 2 0.02 0.04 0.03 
denum dithiocarbamate compounds, chlor1nate para?ins, sul- 3 0 03 0 25 0 01 
furiZed ole?ns, and sulfuriZed esters. These additives can be 20 4 OIOZ 0I4 0I15 
added in knoWn and conventional amounts. Appearance of Walls coatedl clean clean 

The folloWing Examples illustrate features of the inven- l _ _ _ _ _ 
. the sediment is low since the calcium carbonate has adhered to the Wall ofthe centrifuge 
tion. tube 

The examples Were prepared With the overbased calcium 
sulfonates displayed in Table 1, the functional additives dis- 25 Cemparatlve Example 1 demonstrates the effect efaddlng 
played in Table 2 and the soluble Oil Packages displayed in a soluble oil package to an overbased calcium sulfonate to 
Table 3. form an emulsion. The resulting product precipitated calcium 

TABLE 1 

Overbased calcium Calcinate C- Calcinate C- Calcinate C- Calcinate C 
sulfonates 300R 400CLR 300CS 400W 

Form amorph amoiph cryst cryst 
Particle Size, nm 10-30 10-30 50-100 100-1000 
Calcium, Wt % ASTM D4951 12.0 15.2 10.5 14.5 
Calcium Sulfonate, Wt % ASTM D3712 28.0 18.5 18.5 17.6 
TBN, mgKOH/g ASTM D2896 305 405 285 385 
Water, Wt % ASTM D95 0.3 0.3 0.2 0.5 
viscosity @ 100° C., cSt ASTM D445 75 75 100 40,000 
Flash Point, COC, ° C. ASTM D92 220 220 220 220 
Speci?c Gravity @15° C. ASTM D4052 1.13 1.2 1.1 1.15 
Color (dilute) ASTM D1500 5 5 5 5 
Free Alkalinity, mgKOH/g SAM 005 21 1 20 i 

TABLE 2 carbonate sediment as Well as adhering calcium carbonate to 
45 the sides of the centrifuge tube. 

RC2540 sulfurliz?d Ole?n (40% Sulfur) I Examples 2 demonstrates the effect of adding a soluble oil 
Kloro 60'50 °h1°mmt?dPmf?n<59-6I0% chlonn?) package and neutraliZed tall oil (3% in the package) to an 
OLOA 371 asIhless ‘ilsPersant sIuccmlmlde I I overbased calcium sulfonate to form an emulsion. The tall oil 
ONTEA mester IamlnIe Ramon product Ofmethanol amine acted to stabiliZe the overbased calcium sulfonate and prevent 

and oleic acid . . . . 

, , , , 50 precipitation of calcium carbonate and reduced the amount of 
PIBSA poly-1sobutylene succinic anhydride (1050 MW) . . 

. . calcium carbonate adhered to the centrifuge tube. 
Alox 165L oxidized petrolatum . . 

Examples 3 demonstrates the effect of adding a soluble oil 
package and neutraliZed tall oil (5% in the package) to an 
overbased calcium sulfonate to form an emulsion. The tall oil 

TABLE 3 55 acted to stabiliZe the overbased calcium sulfonate and prevent 
precipitation of calcium carbonate and reduced the amount of 

Soluble Oil Package #1 contains 0% neutralized tall 011 - - 
. . . . calcium carbonate adhered to the centrifuge tube. 

Soluble Oil Package #2 contains 12% neutralized tall 011 _ _ 

Soluble Oil Package #3 contains 15% neutralized tall 011 ' COmPaFaUVe Example 1 and Examples 4'15: as dlsplayed 
Soluble Oil Package #4 contains 23% neutralized tall oil in Tables 6A and 6B, respectively, demonstrated the effective 

60 combinations of tall oil, overbased sulfonate, particles siZe 
_ _ and free alkalinity to make a stable emulsion, Where in a 

COmParanVe Example 1 and Examples 2 an‘; 3> as ‘115' speci?c embodiment a combination of an amorphous over 
Played 111 Table 4, demonstrate the effect of addlng neutral‘ based calcium sulfonate possessing a particle siZe of 10-30 
lzed tall 011 to an unstable blend Ofa Soluble O11 Package and nm and loW free alkalinity With 12-15% neutraliZed tall oil in 
overbased sulfonate to form a metalwerklng emulslen- The 65 the soluble oil package is preferred. The sediment volume 
sediment volume percent Which precipitated in Weeks 1-4 
Was recorded in Table 5. 

percent Which precipitated in Weeks 1-4 Was recorded in 
Tables 6A and 6B. 
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TABLE 6A 

Fxamnles 

Comp. Ex. 1 Ex. 4 Ex. 5 Ex. 6 Ex. 7 Ex. 8 Ex. 9 

Package 

Soluble Oil Package #1 25 
Soluble Oil Package #2 25 25 25 25 
Soluble Oil Package #3 25 25 
Soluble Oil Package #4 
100 SUS naphthenic oil 65 65 65 65 65 65 65 
Calcinate C-300CS 10 10 10 
Calcinate C-400W 10 10 
Calcinate C-400CLR 10 
Calcinate C-300R 10 

Total 100 100 100 100 100 100 100 
Soluble Oil Turbidity (NTU) i 1731 2427 8 8 850 2800 
Emulsion Quality (10:1 in DI. Water) good good good good good/neg. good good 
Sediment (Vol %) (Weeks) 

1 0 0.15 0.15 0 0 0.01 2 
2 0.02 0.30 0.25 0 i 0.05 2.5 

3 0.03 0.50 0.35 0 i 0.10 2.9 

4 0.02 0.4 0.35 0 i 0.15 2.9 

Appearance of Walls coatedl clean clean clean i clean clean 

1the sediment is loW since the calcium carbonate has adhered to the Wall ofthe centrifuge tube 

TABLE 6B 

Fxamnles 

Ex. Ex. Ex. Ex. 
10 11 12 13 Ex. 14 Ex.15 

Package 

Soluble Oil Package #1 
Soluble Oil Package #2 
Soluble Oil Package #3 25 25 
Soluble Oil Package #4 25 25 25 25 
100 SUS naphthenic oil 65 65 65 65 65 65 
Calcinate C-300CS 10 
Calcinate C-400W 10 
Calcinate C-400CLR 10 10 
Calcinate C-300R 10 10 

Total 100 100 100 100 100 100 
Soluble Oil Turbidity 6 9 197 301 9 4 

(NTU) 
Emulsion Quality (10:1 good poor neg. neg. neg. neg. 
in DI. Water) 
Sediment (Vol %) 
(Weeks) 

1 0 0 i i i i 

2 0 0 i i i i 

3 0 0.02 i i i i 

4 0 0.02 i i i i 

Appearance of Walls clean clean i i i i 

Example 4 demonstrated the effect of adding 50-100 nm 
particle sized crystalline high free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 12% neu 
tralized tall oil to make a stable emulsion With loW sediment. 

Example 5 demonstrated the effect of adding 100-1000 nm 
particle sized crystalline high free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 12% neu 
tralized tall oil to make a stable emulsion With loW sediment. 

Example 6 demonstrated the effect of adding 10-30 nm 
particle sized amorphous loW free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 12% neu 
tralized tall oil to make a stable emulsion With no sediment. 

Example 7 demonstrated the effect of adding 10-30 nm 
particle sized amorphous high free alkalinity overbased cal 
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cium sulfonate to a soluble oil package containing 12% neu 
tralized tall oil to make an unstable emulsion Which separates 
after 1 Week (negative emulsion quality). 
Example 8 demonstrated the effect of adding 50-100 nm 

particle sized crystalline high free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 15% neu 
tralized tall oil to make a stable emulsion With loW sediment. 

Example 9 demonstrated the effect of adding 100-1000 nm 
particle sized crystalline high free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 15% neu 
tralized tall oil to make a stable emulsion With high sediment. 

Example 10 demonstrated the effect of adding 10-30 nm 
particle sized amorphous loW free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 15% neu 
tralized tall oil to make a stable emulsion With no sediment. 

Example 11 demonstrated the effect of adding 10-30 nm 
particle sized amorphous high free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 15% neu 
tralized tall oil to make a stable emulsion With no sediment. 

Example 12 demonstrated the effect of adding 50-100 nm 
particle sized crystalline high free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 23% neu 
tralized tall oil to make an unstable emulsion. 

Example 13 demonstrated the effect of adding 100-1000 
nm particle sized crystalline high free alkalinity overbased 
calcium sulfonate to a soluble oil package containing 23% 
neutralized tall oil to make an unstable emulsion. 

Example 14 demonstrated the effect of adding 10-30 nm 
particle sized amorphous loW free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 23% neu 
tralized tall oil to make an unstable emulsion. 

Example 15 demonstrated the effect of adding 10-30 nm 
particle sized amorphous high free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 23% neu 
tralized tall oil to make an unstable emulsion. 

Examples 16-35, as displayed in Tables 8A and 8B, respec 
tively, demonstrated the effect of adding functional additives 
to the soluble oil to make a stable emulsion for metalworking 
applications. The preferred embodiment is a combination of 
an amorphous overbased calcium sulfonate With a particle 
size of 10-30 nm and loW free alkalinity With 12-15% neu 
tralized tall oil in the soluble oil package and functional 
additives. The sediment volume percent Which precipitated in 
Weeks 1-4 Was recorded in Tables 8A and 8B. 
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TABLE 8A 

Examples 

Ex. 16 Ex. 17 Ex. 18 Ex. 19 Ex. 20 Ex. 21 Ex. 22 Ex. 23 Ex. 24 

Soluble Oil Package #3 25 25 25 25 25 25 25 25 25 
100 SUS naphthenic oil 65 64 64 64 64 65 64 64 64 
Overbased Calcium Sulfonates 

Calcinate C-400CLR 10 10 10 10 10 
Calcinate C-300R 10 10 10 10 
Calcinate C-300CS 
Calcinate C-400W 
Functional Additives 

OLOA 371 1 1 
ONTEA 1 1 
PIBSA 1 1 
Alox 165L 1 

Total 100 100 100 100 100 100 100 100 100 
Soluble Oil Turbidity (NTU) 6 6 6 6 5 5 4 5 5 
Emulsion (90:10 in DI. Water) 

Quality good good good good good good/neg. good/neg. good/neg. good/neg. 
Oil (ml) 0 0 0 0 0 0 0 0 0 
Cream (ml) 4 4 4 2 4 0 20 32 0 
Sediment (Vol %) (Weeks) 

1 0.01 0 0 0 0 0 i i 0 

2 0.01 0 0 0 0 i i i i 

3 0.01 0 0 0 0 i i i i 

4 0.01 0 0 0.01 0 i i i i 

TABLE 8B 

Examples 

Ex. 25 Ex. 26 Ex. 27 Ex. 28 Ex. 29 Ex. 30 Ex. 31 Ex. 32 Ex. 33 Ex. 34 Ex. 35 

Soluble Oil Package #3 25 25 25 25 25 25 25 25 25 25 25 
100 SUS naphthenic oil 64 65 64 64 64 64 65 64 64 64 64 
Overbased Calcium 
Sulfonates 

Calcinate C-400CLR 
Calcinate C-300R 10 
Calcinate C-300CS 10 10 10 10 10 
Calcinate C-400W 10 10 10 10 10 
Functional Additives 

OLOA 371 1 1 
ONTEA 1 1 
PIBSA 1 1 
Alox 165L 1 1 1 

Total 100 100 100 100 100 100 100 100 100 100 100 
Soluble Oil Turbidity (NTU) 5 663 1109 1332 40 616 1409 1666 1886 66 1280 
Emulsion (90:10 
in DI. Water) 

Quality good/neg. good good good good good good good good good good 
Oil (ml) 0 0 0 0 0 0 0 0 0 0 0 
Cream (ml) 0 0 0 0 0 0 0 0 0 0 0 
Sediment (Vol %) (Weeks) 

1 0 0.03 0.15 0.30 0.03 0.01 0.05 0.20 1.50 0.01 0.03 
2 0.05 0.05 0.35 0.90 0.03 0.02 0.08 0.45 1.30 0.02 0.05 
3 i 0.06 0.70 0.80 0.04 0.03 0.09 0.55 1.20 0.03 0.07 

4 i 0.09 0.90 0.90 0.03 0.03 0.09 0.65 1.15 0.03 0.07 

Example 16 demonstrated the effect of adding 10-30 nm cium sulfonate to a soluble oil package containing 15% neu 
particle sized amorphous loW free alkalinity overbased cal- tralized tall oil and the functional dispersant OLOA 371 to 
cium sulfonate to a soluble oil package containing 15% neu- make a stable emulsion With no sediment. 
tralized tall oil to make a stable emulsion With no sediment. 65 Example 18 demonstrated the effect of adding 10-30 nm 

Example 17 demonstrated the effect of adding 10-30 nm particle sized amorphous loW free alkalinity overbased cal 
particle sized amorphous loW free alkalinity overbased cal- cium sulfonate to a soluble oil package containing 15% neu 
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traliZed tall oil and the functional friction modi?er OA/ TEA 
to make a stable emulsion With no sediment. 

Example 19 demonstrated the effect of adding 10-30 nm 
particle siZed amorphous loW free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 15% neu 
traliZed tall oil and the functional emulsi?er PIBSA to make 
a stable emulsion With no sediment. 

Example 20 demonstrated the effect of adding 10-30 nm 
particle siZed amorphous loW free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 15% neu 
traliZed tall oil and the functional rust preventative Alox 1 65L 
to make a stable emulsion With no sediment. 

Example 21 demonstrated the effect of adding 10-30 nm 
particle siZed amorphous high free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 15% neu 
traliZed tall oil to make an unstable emulsion Which separates 
after 1 Week. 

Example 22 demonstrated the effect of adding 10-30 nm 
particle siZed amorphous high free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 15% neu 
traliZed tall oil and the functional dispersant OLOA 371 to 
make an unstable emulsion Which separates after 1 day. 

Example 23 demonstrated the effect of adding 10-30 nm 
particle siZed amorphous high free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 15% neu 
traliZed tall oil and the functional friction modi?er OA/ TEA 
to make an unstable emulsion separates after 1 day. 

Example 24 demonstrated the effect of adding 10-30 nm 
particle siZed amorphous high free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 15% neu 
traliZed tall oil and the functional emulsi?er PIBSA to make 
an unstable emulsion Which separates after 1 Week. 

Example 25 demonstrated the effect of adding 10-30 nm 
particle siZed amorphous high free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 15% neu 
traliZed tall oil and the functional rust preventative Alox 1 65L 
to make an unstable Which emulsion separates after 2 Weeks. 

Example 26 demonstrated the effect of adding 50-100 nm 
particle siZed amorphous high free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 15% neu 
traliZed tall oil to make a stable emulsion With loW sediment. 

Example 27 demonstrated the effect of adding 50-100 nm 
particle siZed amorphous high free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 15% neu 
traliZed tall oil and the functional dispersant OLOA 371 to 
make a stable emulsion With high sediment. 
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Example 28 demonstrated the effect of adding 50-100 nm 

particle siZed amorphous high free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 15% neu 
traliZed tall oil and the functional friction modi?er OA/ TEA 
to make a stable emulsion With high sediment. 

Example 29 demonstrated the effect of adding 50-100 nm 
particle siZed amorphous high free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 15% neu 
traliZed tall oil and the functional emulsi?er PIBSA to make 
a stable emulsion With loW sediment. 
Example 30 demonstrated the effect of adding 50-100 nm 

particle siZed amorphous high free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 15% neu 
traliZed tall oil and the functional rust preventative Alox 1 65L 
to make a stable emulsion With loW sediment. 

Example 31 demonstrated the effect of adding 100-1000 
nm particle siZed amorphous high free alkalinity overbased 
calcium sulfonate to a soluble oil package containing 15% 
neutraliZed tall oil to make a stable emulsion With loW sedi 
ment. 

Example 32 demonstrated the effect of adding 100-1000 
nm particle siZed amorphous high free alkalinity overbased 
calcium sulfonate to a soluble oil package containing 15% 
neutraliZed tall oil and the functional dispersant OLOA 371 to 
make a stable emulsion With high sediment. 

Example 33 demonstrated the effect of adding 100-1000 
nm particle siZed amorphous high free alkalinity overbased 
calcium sulfonate to a soluble oil package containing 15% 
neutraliZed tall oil and the functional friction modi?er 
OA/TEA to make a stable emulsion With high sediment. 
Example 34 demonstrated the effect of adding 100-1000 

nm particle siZed amorphous high free alkalinity overbased 
calcium sulfonate to a soluble oil package containing 15% 
neutraliZed tall oil and the functional emulsi?er PIBSA to 
make a stable emulsion With loW sediment. 

Example 35 demonstrated the effect of adding 100-1000 
nm particle siZed amorphous high free alkalinity overbased 
calcium sulfonate to a soluble oil package containing 15% 
neutraliZed tall oil and the functional rust preventative Alox 
165L to make a stable emulsion With loW sediment. 
Examples 36-41, as displayed in Table 10 demonstrated the 

improved rust preventative properties of a soluble oil compo 
sition made With overbased calcium sulfonate and functional 
additives to make a stable emulsion for metalWorking appli 
cations. According to one speci?c embodiment of the inven 
tion a combination of an amorphous overbased calcium sul 
fonate With a particle siZe of 10-30 nm and loW free alkalinity 
With 12-15% neutraliZed tall oil in the soluble oil package and 
functional additives is presented. 

TABLE 10 

Examples 

Ex. 36 Ex. 37 Ex. 38 Ex. 39 Ex. 40 Ex. 41 

Soluble Oil Package #3 25 25 25 25 25 25 
100 SUS naphthenic oil 75 65 64 64 64 64 
Calcinate C-400CLR 10 10 10 10 10 
OLOA 371 1 

ONTEA 1 
PIBSA 1 
Alox 165L 1 

Total 100 100 100 100 100 100 
Soluble Oil Turbidity (NTU) i 6 6 6 6 5 

Emulsion (90:10 in DI. Water) 

Quality good good good good good good 
Oil (ml) 0 0 0 0 0 0 
Cream (ml) 0 4 4 4 2 4 
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TABLE 10-continued 

Fxamnles 

Ex. 36 Ex. 37 Ex. 38 Ex. 39 Ex. 40 Ex. 41 

Sediment (Vol %) (Weeks) 

1 0 0.01 0 0 0 0 
2 0 0.01 0 0 0 0 
3 0 0.01 0 0 0 0 
4 0 0.01 0 0 0.01 0 
Iron Chip Rust Test (2 g Fe/20 min 
soak/16 hr.) 

10% Pass Pass Pass Pass Pass Pass 
5.0% Pass Pass Pass Pass Pass Pass 
2.5% Fail Pass Pass Pass Pass Pass 
1.0% Fail Fail Fail Fail Fail Fail 

Example 36 demonstrated the baseline rust preventatives 
properties of a soluble oil package, Where up to 5% treat is 

Example 40 demonstrated the effect of adding 10-30 nm 
particle sized amorphous loW free alkalinity overbased cal 20 

required to pass the iron Chip test cium sulfonat'e to a soluble o'il package containing 15% neu 
Example 37 demonstrated the effect of adding 1060 nm trahzed tall o1l~and the functional emulsifier PIBSA to make 

Pam C1 6 Sized amorphous 10W free alkalinity overbased Ca1_ a stable emulsion W1th no sediment Wh1ch prevents rust at 
. . . . 2.5% concentration. 

c1um sulfonate to a soluble o1l package conta1n1ng 15% neu- E 1 41 d - 
_ _ _ _ _ xamp e emonstrated the effect of adding 10-30 nm 

tralized tall 011 to make aostable emulsion W1th no sedlment 25 particle Sized amorphous 10W free alkalinity overbased Ca1_ 
Whlch prevents rust 2112's A’ Concentranon' _ cium sulfonate to a soluble oil package containing 15% neu 

Example 38 demonstrated the effect Qiaddmg 10'30 nm tralized tall oil and the functional rust preventative Alox 165L 
Pamele SlZed amorphous 10W free alkahnlty overbased Cal‘ to make a stable emulsion With no sediment Which prevents 
cium sulfonate to a soluble oil package containing 15% neu- rust at 2_ 5% Concentration 
tralized tall and the functional dispersant IO 30 Examples 42-48’ as in Table 11, demonstrated 
make a stable emulsion With no sediment Which prevents rust the improved EP/ AW properties of a Soluble made with Over 
at 2.5% concentration. based calcium sulfonate and functional additives to make a 

Example 39 demonstrated the effect of adding 10-30 nm stable emulsion for metalworking applications. In one spe 
particle sized amorphous loW free alkalinity overbased cal- 35 ci?c embodiment of the invention a combination of an amor 
cium sulfonate to a soluble oil package containing 15% neu- phous overbased calcium sulfonate With a particle size of 
tralized tall oil and the functional friction modi?er OA/ TEA 10-30 nm and loW free alkalinity With 12-15% neutralized tall 
to make a stable emulsion With no sediment Which prevents oil in the soluble oil package and sulfurized ole?n is pre 
rust at 2.5% concentration. sented. 

TABLE 11 

Examples 

Ex. 42 Ex. 43 Ex. 44 Ex. 45 Ex. 46 Ex. 47 Ex. 48 

Kloro 60-50 10 
Calcinate C- 10 5 
400CLR 
Calcinate C- 10 5 
300CS 
RC2540 10 5 5 
Soluble Oil 25 25 25 25 25 25 25 
Package #3 
100 SUS 75 65 65 65 65 65 65 
naphthenic oil 
Soluble Oil 
Appearance B&C B&C B&C hazy/sed. B&C B&C hazy/sed. 
Emulsion 
Quality 

1 Week good good good good good good good 
2 Week good good good good good good good 
3 Week good good good good good good good 
4 Week good good good good good good good 
Sediment 

1 Week 0 0 0 0.9 0 0.04 0.4 

2 Week 0 0 0 0.85 0 0.03 0.4 

3 Week 0 0 0 0.9 0 0.02 0.4 

4 Week 0 0 0 1.0 0 0.02 0.4 
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TABLE 1 1 -continued 

Fxamnles 

EX. 42 EX. 43 EX. 44 EX. 45 EX. 46 EX. 47 EX. 48 

ASTM D-2783 

Load-Wear 28.1 19.3 23.3 30.0 24.3 23.6 23.2 

Index, kgf 
Weld Point, kg 100 100 100 126 100 100 100 
ASTM D3233A 

True Load, lbs. 1438 1934 923 2357 2919 3558 i 

Example 42 demonstrated the baseline EP/AW properties 
of a soluble oil package in ASTM D2783 Four Ball EP and 
ASTM D 3233 Falex Pin and Vee Block testing. 

Example 43 demonstrated the baseline EP/AW properties 
of a soluble oil package containing a chlorinated paraf?n 
(50-60% chlorine) EP/AW additives in ASTM D2783 and 
ASTM D3233 testing. 

Example 44 demonstrated the effect of adding 10-30 nm 
particle siZed amorphous loW free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 15% neu 
traliZed tall oil to make a stable emulsion With no sediment 
Which provides adequate EP/AW protection. 

Example 45 demonstrated the effect of adding 50-100 nm 
particle siZed amorphous high free alkalinity overbased cal 
cium sulfonate to a soluble oil package containing 15% neu 
traliZed tall oil to make a stable emulsion With loW sediment 
and improved EP/AW properties. 

Example 46 demonstrated the baseline EP/AW properties 
of a soluble oil package containing a sulfuriZed ole?n (40% 
active sulfur) EP/AW additives in ASTM D2783 and ASTM 
D3233 testing. 

Example 47 demonstrated the effect of adding 10-30 nm 
particle siZed amorphous loW free alkalinity overbased cal 
cium sulfonate in combination With sulfuriZed ole?n to a 
soluble oil package containing 15% neutraliZed tall oil to 
make a stable emulsion With no sediment Which provides 
excellent EP/AW protection. 

Example 48 demonstrated the effect of adding 50-100 nm 
particle siZed amorphous high free alkalinity overbased cal 
cium sulfonate in combination With sulfuriZed ole?n to a 
soluble oil package containing 15% neutraliZed tall oil to 
make a stable emulsion With loW sediment and EP/AW prop 
erties. 

Examples 49-53, as displayed in Table 12, demonstrated 
the stability of a soluble made With overbased calcium sul 
fonate and sulfuriZed ole?n to make a stable emulsion for 
metalWorking applications. In a speci?c embodiment of the 
invention a combination of an amorphous overbased calcium 
sulfonate With a particle siZe of 10-30 nm (5% or less) and loW 
free alkalinity With 12-15% neutraliZed tall oil in the soluble 
oil package and sulfuriZed ole?n (20% or less) is presented. 

TABLE 12 

Fxamnles 

EX. 49 EX. 50 EX. 51 EX. 52 EX. 53 

Calcinate C-400CLR 5 5 10 
RC 2540 20 20 20 
Soluble Oil 20 20 20 20 20 
Package #3 
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TABLE 12-continued 

Fxamnles 

EX. 49 EX. 50 EX. 51 EX. 52 EX. 53 

100 SUS naphthenic 
oil 

80 75 60 55 50 

Total 
Soluble Oil 
Appearance 

100 100 100 100 100 

1 hour 
1 day 
4 Week 
Emulsion Quality 

neg. 1 

good2 
neg.3 

1 hour 
1 day 
4 Weeks 

good 
good 
good 

good 
good 
good 

good 
good 
good 

good 
good 

good - oil 

ring 

1this Was negative, but a?er 24 hours the emulsion could be reshaken to ernulsify 
2although there Was no sediment there Was calcium carbonate adhered to the Walls of the 
centrifuge tube 
although there Was no sediment there Was oil and calcium carbonate adhered to the Walls of 

the centrifuge tube 

Example 49 demonstrated the baseline stability of the 
soluble oil and emulsion formed from a soluble oil package 
containing 15% neutralized tall oil 10-30 nm particle siZed 
amorphous loW free alkalinity overbased calcium sulfonate. 
Example 50 demonstrated the baseline stability of the 

soluble oil and emulsion formed from a soluble oil package 
containing 15% neutraliZed tall oil and 10-30 nm particle 
siZed amorphous loW free alkalinity overbased calcium sul 
fonate. 
Example 51 demonstrated the baseline stability of the 

soluble oil and emulsion formed from a soluble oil package 
containing 15% neutraliZed tall oil and sulfuriZed ole?n (40% 
active sulfur). 
Example 52 demonstrated the effect of adding loW 

amounts (5% or less) of 10-30 nm particle siZed amorphous 
loW free alkalinity overbased calcium sulfonate in combina 
tion With sulfuriZed ole?n to a soluble oil package containing 
15% neutraliZed tall oil to make a bright and clear (B&C) 
soluble oil Which forms a stable emulsion With no sediment. 
Example 53 demonstrated the effect of adding high 

amounts (10% or more) of 10-30 nm particle siZed amor 
phous loW free alkalinity overbased calcium sulfonate in 
combination With sulfuriZed ole?n to a soluble oil package 
containing 15% neutraliZed tall oil to make a bright and clear 
(B&C) soluble oil Which forms an unstable emulsion With 
sediment adhered to the Walls of the centrifuge tube. 
While the process of the invention has been described With 

reference to certain embodiments, it Will be understood by 
those skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof Without 
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departing from the scope of the invention. In addition, many 
modi?cations may be made to adapt a particular situation or 
material to the teachings of the invention Without departing 
from the essential scope thereof. Therefore, it is intended that 
the invention not be limited to the particular embodiment 
disclosed as the best mode contemplated for carrying out the 
process of the invention but that the invention Will include all 
embodiments falling Within the scope of the appended claims. 
What is claimed is: 
1. A soluble oil composition Which consists essentially of: 
a) a base oil selected from the group consisting of naph 

thenic oil; hydrogenated polyole?n oils; poly-alpha-ole 
?ns; alkyl esters of dicarboxylic acids; complex esters of 
dicarboxylic acids; polyglycol and alcohol; alkyl esters 
of carbonic or phosphoric acids; polysilicones; ?uoro 
hydrocarbon oils; homo- and inter-polymers of C2-Cl2 
ole?ns; carboxylic acid esters of both monoalcohols and 
polyols; polyethers; silicones; polyglycols; silicates, 
alkylated aromatics; carbonates; thiocarbonates; ortho 
formates; phosphates; phosphites; borates; and haloge 
nated hydrocarbons 

b) an emulsion stabiliZing amount of a neutralized car 
boxylic acid obtained from tall oil and/or component 
thereof; and 

c) from 1 to 10 Weight percent of at least one overbased 
calcium sulfonate; and, optionally, 

d) at least one additive selected from the group consisting 
of extreme pressure agent, anti-Wear agent, emulsifying 
agent, rust preventive, corrosion inhibitor, anti-foaming 
agent, anti-oxidant additives, surface active agents, fric 
tion modi?er, stabiliZing agents, and mixtures thereof. 

2. The soluble oil composition of claim 1 Wherein the base 
oil is at least one selected from the group consisting of esters 
of dicarboxylic acids, dibutyl adipate, di(2-ethylhexyl)adi 
pate, didodecyl adipate, di(tridecyl)adipate, di(2-ethylhexyl) 
sebacate, dilauryl sebacate, di-n-hexyl fumarate, dioctyl 
sebacate, diisooctyl aZelate, diisodecyl aZelate, dioctyl phtha 
late, didecyl phthalate, di(eicosyl)sebacate, and the 2-ethyl 
hexyl diester of linoleic acid dimer. 

3. The soluble oil composition of claim 1 Wherein the 
neutraliZed carboxylic acid is at least one obtained from the 
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group consisting of tall oil fatty acids, tall oil fatty acids 
containing less than about 2% rosin and tall oil rosin. 

4. The soluble oil composition of claim 1 Wherein the 
amount of neutraliZed carboxylic acid ranges from about 5 
Weight percent to about 23 Weight percent of the soluble oil 
composition. 

5. The soluble oil composition of claim 1 Wherein the 
amount of neutraliZed carboxylic acid ranges from about 12 
to about 15 Weight percent of the soluble oil composition. 

6. The soluble oil composition of claim 1 Wherein the 
amount of neutraliZed tall oil ranges from about 5 to about 23 
Weight percent of the soluble oil composition. 

7. The soluble oil composition of claim 6 Wherein the 
amount of neutraliZed tall oil ranges from about 12 to about 
15 Weight percent of the soluble oil composition. 

8. The soluble oil composition of claim 1 Wherein the 
amount of overbased calcium sulfonate ranges from about 2 
to about 5 Weight percent of the soluble oil composition. 

9. The soluble oil composition of claim 1 Wherein the total 
base number of the overbased calcium sulfonate is at least 
about 400. 

10. The soluble oil composition of claim 1 Wherein the total 
base number of the overbased calcium sulfonate is from about 
200 to about 400. 

11. The soluble oil composition of claim 1 Wherein the total 
base number of the overbased calcium sulfonate is from about 
250 to about 350. 

12. The soluble oil composition of claim 1 Wherein the 
friction modi?er is at least one selected from the group con 
sisting of glycerol monoesters, overbased carboxylates, over 
based tall oil fatty acids, triethanolamine, diethanolamine, 
glycol, oleic acid, ricinoleic acid, isostearic acid, erucic acid, 
tall oil fatty acid (TOFA), mixed oleic/stearic acids, and iso 
oleic acid. 

13. The soluble oil composition of claim 1 Wherein the 
anti-Wear agent is sulfuriZed ole?n. 

14. The soluble oil composition of claim 1 Wherein the at 
least one additive is a phenolic compound. 


